ALTHOUGH it has long been acknowl-11 edged that changes in cardiac dimensions are an important determinant of ventricular performance,1 it has not been feasible heretofore to assess the effects of drugs on ventricular size in intact human subjects. Recently, a technic has been developed that allows the measurement of changes in cardiac size.2 Basically, the method consists of suturing small silver-tantalum clips to the external surfaces of ventricular chambers at the time of cardiac surgery and exposing cineradiograms following recovery from operation. The distances between the clips on the individual frames of the cineradiograms are measured and the changes in ventricular dimensions throughout the course of numerous cardiac cycles can be determined.
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In the present study the actions of two sympathomimetic agents, isoproterenol (Isuprel) and methoxamine (Vasoxyl), on the external dimensions of the human heart were investigated. Both these drugs are prototypes of a general class of vasoactive amines. Isoproterenol, a pure stimulator of beta adrenergic receptors,3 was chosen because of its positive inotropic and chronotropic cardiac actions, coupled with arteriolar dilation and venous constriction.4 Methoxamine was selected because it stimulates only the alpha adrenergic receptors and thereby constricts arterioles without having a direct cardiac action.s
Methods
Sixteen studies were carried out in 14 patients, From the Cardiology Branch, National Heart Institute, Bethesda, Maryland. 186 9 women and five men, whose ages ranged from 16 to 52 years. The studies were carried out 2 weeks to 16 months (average, 8 months) after recovery from the cardiac operations. The operative procedures consisted of mitral commissurotomy in six patients, closure of an atrial septal defect ir, five patients, pulmonary valvulotomy in two patients, and correction of aortic stenosis in one patient. The postoperative hemodynamic findings in these patients are summarized in table 1. In the five patients studied following closure of an atrial septal defect, the krypton 85 inhalation test 9 indicated that the left-to-right shunit had been abolished.
Eleven of the 16 studies were carried out during the course of right or transseptal left heart catheterization, and in the other five studies the brachial arterial pressure, electrocardiogram, and pneumogram were recorded simultaneously with the cineradiograms. All observations were made with the patient in the supine position. The cineradiographic technics utilized in these studies have been described in detail.2 The only ventricular dimensions measured were those between clips that had been placed in such a manner that the line joining them was parallel, or nearly parallel, to the frontal plane. In this manner the error, which could result from rotation of the heart within the thorax, is minimized.2 No attempt was made to measure the absolute distance between clips. Rather, the percentage changes were determined. In the figures, therefore, the relative distances between clips are indicated on the ordinates.
On the right ventricle the distances measured were between two clips placed on the anterior surface, one just beneath the pulmonary valve, and the other at the most inferior portion of the anterior surface. On the left ventricle the distances measured were between two clips placed along the lateral surface of the left ventricle, one near its apex and the other near its base. In addition, particular attention was directed to the possible error that could result from rotation or movement of the chest withini the radiographic field. Radiopaque markers w^ere therefore placed the time when all apparent circulatory effects had disappeared, control measurements were repeated and methoxamine was administered. In order to assess ithe effects of changes in heart rate itself on cardiac dimensions, 1.5 mg. of atropine were given intravenously during the course of the methoxamine infusion in one patient.
Results

Effects of Isoproterenol on Cardiac Dimensions
The administration of isoproterenol on Since it has been postulated that isoproterenol acts on the heart by selectively stimulating the beta adrenergic receptors,3 the effect of beta adrenergic receptor blockade on the action of isoproterenol was studied in When the lheart rate was elevated in a patient by atropine during the continuous infusion of methoxamine, ventricular dimensions declined, but still remained greater than during the control period ( fig. 6 ). These effects on ventricular dimensions contrast with those observed during an isoproterenol infusion in the same subject, which resulted in a decrease of both end-systolic and end-diastolic dimensions below the control levels (table 3, fig. 6 ).
Discussion
With the development of the cineradiographic technic, which allows measurement of changes in ventricular dimensions, it is now possible to obtain important additional information concerning the action of drugs on the cardiovascular system. Thus, it is clear that isoproterenol, a drug presumed to act by stimulating the beta adrenergic receptors, resulted in a significant decrease in the endsystolic and end-diastolic dimensions of both right and left ventricles of all subjects studied. Since, in addition to its positive inotropic properties, isoproterenol also increases heart rate by its direct chronotropic activity, the effect of changes in heart rate alone on ventricular dimensions must also be considered. Studies in experimental animals have showrn that the stroke volume declines when heart rate is increased by electrical stimulation, and that the ventricular end-diastolic volumes or dimensions decrease more than the end-systolic volumes or dimensions.1921 These findings are contrary to those observed during isoproterenol infusion in the present study, in which the end-systolic dimensions were diminished more than were the end-diastolic dimensions, with a consequent increase in the Since methoxamine usually resulted in a slowing of the heart rate, atropine was administered in the course of the methoxamine infusion in one patient in order to counteract the bradyeardia. Although atropine reduced the ventricular dimensions, they remained greater than those observed during the control period ( fig. 6 ). In addition, in the one patient in whom heart rate did not change (table 3, T.H., fig. 4 ) left ventricular dimensions also increased. Thus, it appears that the increase in both end-diastolic and end-systolic dimensions produced by methoxamine may be attributed, only in part, to the slowing of the heart rate. From these observations, it is suggested that when the resistance to ventricular outflow is elevated by methoxa In contrast, the administration of methoxamine resulted in an increase of ventricular end-diastolic dimensions in all 10 patients studied. Left ventricular end-systolic dimensions increased during methoxamine infusion in the eight patients in whom t-he measurements were made, but changes in right ventricular end-systolic dimensions were inconsistent. The alterations in heart rate induced by isoproterenol and methoxamine could account only in part for the observed changes in ventricular dimensions. It is anticipated that the experimental approach used in this study, that is, the measurement of ventricular dimensions in intact, unanesthetized human subjects, will help to provide a more complete analysis of the action of drugs on the circulation of man.
On Botany
Botany and chemistry are a sort of frontier studies, that we must necessarily stop at, before we proceed any farther into physic. They were once wholly subject to the physician's jurisdiction, but like thriving provinces they are of late so much enriched, that they have almost thrown off their allegiance and set up for independent studies . It is not possible he should be a compleat botanist, for this would employ a man his whole life. 
